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Abstract
Background: Despite increased investment in community-level maternal health interventions, process evaluations of
such interventions are uncommon, and can be instrumental in understanding mediating factors leading to outcomes.
In Nigeria, where an unacceptably number of maternal deaths occur (maternal mortality ratio of 814/100,000 livebirths),
the Community Level Interventions for Pre-eclampsia (CLIP) study (NCT01911494) aimed to reduce maternal and
neonatal mortality and morbidity with a complex intervention of five interrelated components. Building from previous
frameworks, we illustrate a methodology to evaluate implementation processes of the complex CLIP intervention,
assess mechanisms of impact and identify emerging unintended causal pathways.
Methods: The study was conducted from 2013–2016 in five Local Government Areas in Ogun State, Nigeria. A six-step
approach was developed to evaluate key constructs of context (external factors related to intervention), implementation
(fidelity, dose, reach, and adaption) and mechanisms of impact (unintended outcomes and mediating pathways). The
steps are: 1) describing the intervention by a logic model, 2) defining acceptable delivery, 3) formulating questions, 4)
determining methodology, 5) planning resources in context, lastly, step 6) finalising the plan in consideration with
relevant stakeholders.
Results: Quantitative data were collected from 32,785 antenatal and postnatal visits at the primary health care level, from
66 community engagement sessions, training assessments of community health workers, and standard health facility
questionnaires. Forty-three focus group discussions, 38 in-depth interviews, and 23 structured observations were conducted
to capture qualitative data. A total of 103 community engagement reports and 182 suspected pre-eclampsia case reports
were purposively collected. Timing of data collection was staggered to understand feedback mechanisms that may have
resulted from the delivery of the intervention. Data will be analysed using R and NVivo. Diffusions of innovations and realist
evaluation theories will underpin analysis of the interaction between context, mechanisms and outcomes.
Conclusion: This comprehensive approach can serve as a guide for researchers and policy makers to plan the evaluation
of similar complex health interventions in resource-constrained settings, and to aid in measuring 'effectiveness' of
interventions and not just 'efficacy'.
Trial registration: This research is a part of the Community Level Interventions for Pre-eclampsia Study, NCT01911494. The
trial is registered in Clinicaltrials.gov, the URL is https://clinicaltrials.gov/ct2/show/NCT01911494 The trial was registered on
June 28, 2013 and the first participant was enrolled for intervention on March 1, 2014.
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Background
The United Nations’ Millennium Development Goal
(MDG) 5A called on countries for a 75% reduction in
maternal mortality from 1990 to 2015. Nigeria has made
progress in response to MDG 5A [1, 2], having achieved
an apparent 39.7% reduction in the maternal mortality
ratio (MMR) between 1990 and 2015 (comparable MMR
of 1350 [UI 893–1820] deaths per 100,000 livebirths in
1990 and 814 [UI 596-1180] deaths per 100,000 live-
births in 2015); however, the World Health Organization
(WHO) reports that there is a 10% chance that almost
no maternal mortality reduction has occurred during
this time [1].
Thaddeus and Maine proposed the ‘three delays
model’ to explain how maternal mortality in low-and-
middle-income countries may be addressed – namely, by
addressing delays in: (i) seeking care, (ii) obtaining trans-
port, and (iii) receiving appropriate care [3]. The Com-
munity Level Interventions for Pre-eclampsia (CLIP)
Trial (NCT identifier: NCT01911494) aims to address
these delays, and to reduce maternal and neonatal
morbidity and mortality [4]. The CLIP intervention is
‘complex’ as it consists of five interrelated and interact-
ing components: community engagement, community
health worker strengthening, antenatal and postnatal
monitoring, and, when indicated, community initiation
of life-saving therapies to treat pre-eclampsia/eclampsia
(ie. 10 g intramuscular magnesium sulfate with/without
750 mg methyldopa) in combination with urgent trans-
port to an effective inpatient emergency obstetric care
(EmOC) facility [4, 5]. The CLIP intervention multiple
levels of the health system; for example, at the micro
level, practitioner behavior is being modified, whereas at
the macro-level, referrals are increased to secondary fa-
cilities. The interaction between the intervention and
system level factors can inform how similar effects may
be achieved across new contexts [6, 7].
Randomized control trials (RCTs) are considered the
‘gold standard’ for determining the efficacy of an inter-
vention; however, effect sizes alone do not ensure that
the measured effects of core components of a given
intervention are generalizable [5]. Process evaluations
aim to understand and assess the way in which an inter-
vention is delivered. Furthermore, process evaluations
can facilitate the answering of two pressing questions
about complex interventions: firstly, what are the ‘active’
ingredients of the intervention; and secondly, what are
the emerging adaptations of the intervention through its
interaction with recipients [8, 9], who may be influenced
by pre-existing circumstances, organisational norms, re-
sources and attitudes [6–10]. Although theoretical evi-
dence has emerged over the last decade on the
approaches to process evaluation, there is a paucity of
evidence specific to community-based trials, especially
in resource-constrained settings. This evaluation plan
can offer insight for policy and programmatic decisions.
In this paper, we address this gap in knowledge by de-
scribing six stages of development of a process evalu-
ation of a complex community-based maternal health
intervention applied in a cluster randomised controlled
trial. Existing methodologies are unable to asses the het-
erogeneous manner of the implementation of the CLIP
intervention and are unable to provide a framework for
assessment of mediating variables and contextual differ-
ences within different wards in each local government
area (designated intervention cluster). An important fea-
ture in this methodology is its ability to not just identify
complex causal pathways but to evaluate these mecha-
nisms by analysing mediators. Furthermore, the con-
struct of ‘adaptability’, i.e. tailoring of an intervention
according to local needs and contexts, has been deliber-
ately included to inform pragmatic contextual consider-
ations for adaptation of the intervention. Adaptability is
critical for informing real-world implementation.
Methods
Study setting
Five Local Government Areas (LGAs) in Ogun State,
Nigeria were chosen to receive the CLIP intervention by
stratified random sampling. The CLIP (Community
Level Interventions for Pre-eclampsia) intervention was
delivered as part of the CLIP cluster randomized pilot
trial from March 2014 to May 2015 in two Local Gov-
ernment Areas, Yewa South and Remo North, and later
expanded to an additional three Local Government
Areas(I,e, Ijebu North East, Odeda, and Ogun Water-
side) from May 2015 to January 2016 as part of the de-
finitive CLIP cluster randomized trial. In Nigeria, the
primary implementers of the intervention were the
community health care providers- community health
extension workers (CHEWs), health assistants (HAs)
and staff nurses. The process evaluation protocol covers
data gathered during the Feasibility Study (2013–2014)
[11], and during delivery of the CLIP intervention
(2014–2016).
The Research ethics boards at UBC Children's and
Women's Health Centre of British Columbia and Olabisi
Obabanjo University Teaching Hospital in Sagamu
Nigeria provided ethical approval for the CLIP Cluster
Randomized Controlled Trial (Number: H12-03497).
Step-wise approach
The methods used to develop this process evaluation
were adapted from Saunders et al [12] and tailored to
the CLIP intervention in accordance with the Medical
Research Council guidance [5, 8, 13]. Six steps were
undertaken to: (i) to describe the intervention using a
logic model to represent intervention activities, intended
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outcomes, theoretical constructs, and mediating factors
[12]; (ii) to define complete and acceptable delivery of
the intervention, in order to understand how the inter-
vention may interact with the external MRC framework
of process evaluation [5–9, 7, 13–17]; (iii) to develop
process evaluation questions (iv) consider the relevant
program resources (v) develop data management strat-
egies (i.e., data sources, timing, and planning of data col-
lection tools) using mixed-methods to answer the
questions outlined in Step iii [10]; and (vi) to finalise the
evaluation plan within an interdisciplinary team in col-
laboration with relevant stakeholders [9].
Analysis plan
Quantitative data (such as that obtained using the PIERS
on the Move mHealth platform), trial logs to monitor
delivery of the intervention (community engagement
logs, staff training logs, pre-post test questionnaires,
drugs and devices tracking logs), observations checklists,
budgets, and facility assessment data) will be analysed
using simple descriptive analyses using Microsoft Access
or R. Qualitative data (focus group discussions, key in-
formant interviews, non-participant observations, pre-
eclampsia case reports, community engagement field re-
ports) will be analysed using thematic analysis in NVivo
qualitative software. The use of established social theor-
ies is widely encouraged for process evaluations to allow
for comparisons [8, 9, 18]. Therefore, building upon the
Nigerian CLIP Feasibility Study [11], an adaptation of
the diffusion of innovation theory [18, 19] was used to
assess the CLIP intervention interacts with the system
antecedents (context) to diffuse with the system (health
system and community) for adoption by users (health
workers and participants who receive the intervention).
Realist theory was used to expand on the interaction be-
tween context and mechanisms to analyse identified
mechanisms of action. The interaction of how ‘mecha-
nisms’ and ‘context’ interact to produce ‘outcomes’ is
represented in Fig. 2. Adaptability will be assessed to
evaluate pragmatic contextual factors with delivery of
implementation.
Results
The six-step methodology was implemented in the con-
text of CLIP intervention in Ogun State. At the time of
writing, data collection was complete and plans for ana-
lysis are underway.
Step 1: describe the components of the complex
intervention
The CLIP intervention consisted of five interrelated com-
ponents as outlined in Additional file 1: Figure S1) com-
munity engagement; 2) staff and their preparation for
CLIP; 3) mHealth tool and blood pressure measurement;
4) lowering severe hypertension using oral antihyperten-
sives; 5) preventing & treating eclampsia using intramus-
cular MgSO4. Figure 1 presents the logic model
developed to describe inputs, outputs (activities, participa-
tion), and their links to outcomes (short, medium and
long term). These outcomes were developed with an itera-
tive process in discussion with the local team, using know-
ledge of the participant’s planned participation and
interaction with external factors. This logic model is used
to identify the causal relationships between the different
elements of the intervention.
Step 2: constructs for evaluation
The second step is the identification of the dimensions
for evaluation. The UK MRC guidance was used to de-
termine relevant constructs, to generate evaluation ques-
tions, and define indicators for evaluation. Three
dimensions, namely implementation, mechanisms of im-
pact and context are being evaluated. Implementation
represented the resources and processes through which
the intervention was delivered, and the quantity and
quality of delivery, utilizing indicators such as fidelity,
reach, dose, adaptation, acceptability, feasibility, and ap-
propriateness. Evaluating mechanisms of impact fo-
cussed on how intervention activities, and participants’
interactions with them, triggered change, using con-
structs such as participants’ responses, mediators, unin-
tended consequences, and measurable indicators.
Evaluation of the context examined how external factors
influenced the delivery and functioning of the interven-
tion. The interaction of these constructs is illustrated in
Fig. 2.
Step 3: develop a list of potential process evaluation
questions
Through a combination of Steps 1 and 2, and through
consideration of uncertainties of process interactions and
of the causal assumptions underlying the mechanisms of
intervention, the most important questions were systemat-
ically developed. Table 1 lists possible questions.
The following research questions were considered:
Assessing implementation
1. Was the CLIP intervention implemented as
planned? (‘fidelity’)
2. What was the extent to which pregnant women
came into contact with the intervention, and the
extent to which its delivery was of sufficient quality?
(‘reach’)
3. How much of the CLIP intervention was delivered?
(‘dose’)
4. What were the alterations made to the CLIP
intervention to adapt it to the Nigerian context, and
to achieve the intended protocol? (‘adaptation’)
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Assessing mechanisms of impact
1. How did participants (community health care
providers, pregnant women, families) interact with
the intervention (‘participant responses’)?
2. What were intermediate processes which explain
subsequent changes in outcomes? (‘mediators’)
3. What were unintended pathways or consequences of
the intervention (‘unintended pathways and
consequences)
Assessing context
1. What were the factors external to the CLIP
intervention that may influence its implementation?
2. What was the cost of delivery of the CLIP
intervention?
Step 4: determine methods for evaluation
The methods for evaluation were both formative and
summative; as a result, a mixed-methods approach was
adopted. Qualitative methods generate hypotheses about
causal mechanisms whereas quantitative methods can
provide strong measures of fidelity, and test any emer-
ging hypotheses.
Sampling considerations
Process data was collected from a wide range of partici-
pants who were engaged with the intervention. Analysis
will be undertaken for all collected data. In order to disen-
tangle some specific elements of the intervention, we
undertook purposive sampling. Sampling considerations
were based on socio-demographic characteristics (for ex-
ample: location of community engagement sessions) and
organisational factors (for example: participants who were
recommended treatment for suspected pre-eclampsia and
eclampsia). Details on sampling consideration is provided
in additional Additional file 2: Tables S1, Additional file 3:
Table S2 and Additional file 4: Table S3.
Timing of data collection
The interaction between participants and the interven-
tion was dynamic; therefore, we collected data at differ-
ent points in the study, including the Feasibility Study
(2012–2013), and the Pilot/Definitive Study (May 2014-
January 2016). The timing of data collection and data
reporting were planned at different stages with the aim
Fig. 1 Logic model of the CLIP intervention in Ogun, Nigeria
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to provide iterative feedback (Tables 2 and 3). Evaluating
at multiple time points highlighted how the intervention
and context adapted to one another overtime.
Data sources and data-collection tools
1. Implementation fidelity: Data sources included PIERS
On the Move (POM) mHealth platform reports used
by community health workers as a decision aid for
triage and treatment, reports from community
mobilisers and observations of community health
workers when providing the intervention.
2. Dose (delivered and received): Data sources included
PIERS On the Move (POM) mHealth platform, and
case reports generated by community health care
workers.
3. Reach: Data sources include PIERS On the Move
(POM) mHealth platform, community engagement
logs and case reports.
4. Adaptation: Data sources included key informant
interviews with the study team, community
engagement reports, community health care training
records, log of updates to the Piers On the Move
application and related training records.
Context: Data sources included focus group discus-
sions, in-depth interviews conducted with a variety of
stakeholders during the CLIP Feasibility Study [11], and
intervention costing data to assess barriers and facilita-
tors to implementation.
Qualitative methods
Focus group discussions
Forty-one focus group discussions were conducted in the
CLIP Feasibility Study, before delivery of the intervention.
Focus groups were held with representatives of the health
system and the community to explore issues such as feasi-
bility and acceptability of the intervention. In addition,
two focus groups were held with community health care
workers during delivery of the intervention in local
language. This second set of focus groups was used to as-
sess the competency and experience of health workers
with the Microlife VSA blood pressure device [20].
Fig. 2 Constructs of process evaluation for the CLIP intervention in Ogun State: The key functions assessed will be implementation (the infrastructure
through which intervention is delivered, how it is delivered and the ‘what’ ‘quantity and quality’ of intervention), mechanisms of impact (how interaction
between intervention activities and participants effect outcomes), and context (evaluating external factors which shape or may be shaped by intervention).
As evident, these functions are non-linear and mutually-informative
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In-depth interviews
Thirty-eight in-depth interviews were conducted to gain
an understanding of complex and sensitive issues associ-
ated with implementation of the intervention, such as
those related to task-shifting at the community level.
Key informant interviews were held with field staff and
stakeholders to explore the interaction of the] delivery of
the intervention and the context.
Non-participant observations
Field notes were taken during structured observations at
primary health centers prior to implementation of the
intervention. The observations were conducted to de-
scribe the setting prior to the intervention. In addition,
six non-participant observation sessions of community
health workers undertaking seventeen blood pressure
monitoring activities were completed.
Community engagement reports
One hundred and three reports from two hundred and
ninety-one community engagement sessions were col-
lected and reviewed to capture the responsiveness of the
communities to the intervention. Responsiveness refers
to the community’s participation in the implementation
and uptake of the intervention, which could be an
important mediating factor. These detailed report
highlighted perceived value of the intervention by the
communities, as well as challenges in the delivery of the
intervention.
Pre-eclampsia case reports
One hundred and eighty one case reports were collected
for all patients who were recommended treatment in ac-
cordance with the CLIP intervention. These written re-
ports were documented by a surveillance officer and
included demographic information, treatment and refer-
ral details, and follow-up visits was recorded for all par-
ticipants. In addition to the clinical details, which were
captured on the POM application, these case reports
allowed researchers to capture the ‘spirit’ of the inter-
vention. By documenting the complete medical journey
of the patient, these case reports provide direct under-
standing of task-shifting to community health care
providers, and larger effects on the health system [8].
Quantitative methods
PIERS on the move data
The POM mHealth application [21, 22] was used to
guide care and capture critical clinical data related to
delivery and acceptance of the intervention. 32,882
Table 1 Process evaluation questions for assessing implementation of interventiona
Constructs Aims to be evaluated Questions
Fidelity 1.To what extent was the CLIP intervention
implemented consistently with the CLIP
protocol?
2.To what extent was training provided as
planned?
1.What constitutes as adherence for each component of the
CLIP intervention?
2.What constitutes as competence for each component of the
CLIP intervention?
Dose (delivered
and received)
How much of the CLIP intervention was
delivered? (‘dose’)
1.How many antenatal visits were delivered?
2.How many postnatal visits were delivered?
3.How many women received treatment (by MgSO4 and/or
methyldopa) as per the recommendation?
4.How many women were referred to a higher level facility?
5.How many community engagement sessions were delivered
to stakeholders?
How much of the CLIP intervention was
received? (‘dose received’)
1.How can participant behaviours be used to assess engagement?
2.With what specific aspects of the intervention (e.g., CLIP visits,
community engagement sessions.) indicate assess participant
reaction or satisfaction?
3.What are the expected follow-up behaviours: following
recommendations generated in the POM mHealth tool,
self-seeking regular antenatal/postnatal visits?
Reach 1.What is the reach of the CLIP intervention?
2.How are stakeholders and the community
engaged in the process?
1.What are the target populations for each component of the
CLIP intervention?
Adaptation 1.What were the alterations made to the
CLIP intervention to adapt it to the
Nigerian context?
1.How will the adaptations made in the design or delivery of the
CLIP intervention be identified, tracked and monitored?
Context 1.What are the factors external to the CLIP
intervention that may influence its
implementation?
2.What is the cost of the CLIP intervention
in Nigeria?
1.How will the contextual factors (including community, health
system, sociodemographic, political factors) be identified,
assessed and monitored?
a(adapted from Saunders et al [10])
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antenatal and postnatal visits were recorded electronic-
ally and synchronized regularly with the central database
in Nigeria. Data collected through the POM application
included demographics, clinical signs and symptoms.
Along with serving as a decision aid and capturing
electronic data, the adaptations made to the POM appli-
cation via iterative feedback from the field provided
robust information on the implementation challenges of
the intervention. Regular data monitoring, cleaning, and
reporting allowed for real time feedback to the field
team, as well as safety monitoring of participants. Data
captured using the POM device is described in
Additional file 5: Figure S2.
Community health worker pre- and post-test assessments
Pre- and post-test assessments were conducted during
health worker trainings. The results of these tests were
used to evaluate the fidelity (was the training received as
planned), dose (how much training was received), reach
(how many health workers were trained), and adaptation
(how was CLIP training integrated into health system
curriculum) of the intervention.
Step 5: consider program resources and context
After the formulation of methods in Step 4, this next
stage considers available resources to answer the
questions outlined in Step 3 [10]. The pre-intervention
data collected in the CLIP Feasibility Study identified
the appropriate allocation of resources necessary to an-
swer questions for process evaluation, such from facility
assessment to evaluate health system infrastructure, and
evaluation of stakeholders’ commitment to task-shifting.
Furthermore, the availability of trained health workers to
deliver the intervention, and trained community mobili-
sers for engaging communities, along with local research
staff to monitor data collection was assessed.. In
addition, the research study team was sensitized to the
theories of process evaluation, as it requires an invest-
ment by those with a strong working knowledge of rele-
vant theoretical perspectives [8].
Step 6: finalise the process evaluation plan
Using the formative feedback generated in Steps 3 to 5,
the final process evaluation plan was conceptualized.
The comprehensive plan is displayed in additional files
2, 3 and 4 (Table S1, Table S2 and Table S3).
Discussion
There is no standard method to process evaluations, owing
to the difference ins the design of the interventions. We
propose step by step guidance to evaluate generalizability
for community based intervention which is grounded in
Table 2 Considerations for planning CLIP Nigeria Process Evaluation Methodsa
Methodological component General definition Relevance
Design Timing of data collection Pre-intervention and early-intervention
Data sources Sampling and sources of data collection 1.Pregnant women receiving the CLIP intervention
2.Community health workers delivering the CLIP
intervention at the primary care level (a small
subset was sampled purposively)
3.Medical professionals receiving continuous
professional development
4.Community engagement data
Data collection tools or measures Instruments, tools, and guides used for
gathering process- evaluation data
1.PIERS On the Move (POM) mHealth tool
2.Community engagement logs
3.Training pre-tests and post tests
4.Interviews
5.Focus group discussions
6.Case reports
7.Device purchase and tracking logs
8.Study budget
Data collection procedures Protocols for how the data collection
tools are administered
1.Data collection protocol
2.Training manuals
Data management Procedures for gathering data from the
field and data entry; data quality checks;
data security; data monitoring procedures.
1.Data security management, such as encryption
of POM data using Blowfish algorithm, and
creation of audit trails for new records
2.Regular data monitoring reports
3.Field activity logs: community engagement,
trainings
4.Data monitoring plan
Data analysis and synthesis Statistical and/or qualitative methods
used to analyze, synthesize, and/or
summarize data.
1.Thematic analysis
2.Descriptive statistics using R analysis program
3.Framework analysis
a(adapted from Saunders et al [10])
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validated social theories. Complex interventions are often
described as a ‘black box,’ as the ‘active’ ingredients are un-
known, as well as which processes mediate or influence
outcomes (causal mechanisms) [5, 8, 9]. In addition to the
challenge in disentangling the effects of the components of
a complex intervention, emerging outcomes may be non-
linear (i.e., unintended outcomes resulting from indirect
interactions [5]. The context may influence how the inter-
vention is delivered; nevertheless, the theory of ‘mutual
adaptation’ indicates that the context may also change in
response to the intervention [23, 24]. The intervention al-
lows for the study of reciprocal interactions between con-
text and intervention [19]; for instance, women in this
study determined the number of antenatal and postnatal
visits (‘dose’ of the intervention) delivered by way of their
care-seeking practices to the primary health center. The
exploration of such reciprocal interaction in the cause and
effect pathway can provide insight into unanticipated
mechanisms [5, 8, 9, 24].
There is no standard method for the process evalu-
ation of complex interventions. A critique of existing
process evaluation approaches is that they do not empir-
ically test causal mechanisms [8, 25]; however, the meth-
odology presented here allows us to test these causal
assumptions through mediation analysis. In this context,
mediation analysis is done by testing assumptions stated
in Steps 1 and 2. The methodology allows us to under-
stand how ‘X’ interacts with a mediating variable ‘Y’ to
produce outcome ‘Z’. For instance, when intervention
‘X’ is implemented (community engagement in CLIP), it
leads to change in mediating variable ‘Y’ (knowledge
awareness and birth preparedness) which produces the
outcome ‘Z’ (increase in antenatal care visits sought at
the PHC). The emphasis on mechanisms of change in
this evaluation, such as examining immediate benefits
(for example, increased provider knowledge) rather than
relying on long-term health outcomes, aids in planning
of similar health interventions. The methodology has
comprehensive and flexible indicators that can be repli-
cated to ensure comparability between studies of cluster
RCTs. In this paper, we build on process evaluation
guidance using established social theories, such as those
by Steckler and Linnan [14], Greenlagh et al [19], Black-
wood et al. [26] and methodologies proposed by the UK
MRC guidance [25].
While the methodology described in this paper may
offer robust measures of the process indicators, external
validity of conclusions about effectiveness can best be
Table 3 Sources and data collection tools
Source Data collection tool Timing of data collection
Pregnant women
registered in the CLIP
Study
Registered women who receive the CLIP
intervention at the primary health centres
PIERS On the Move (POM)
application
During intervention
Registered women who received
recommendations from the intervention
Case reports During intervention
Women who received community
engagement sessions
Community engagement
logs and reports
During intervention
Registered women who are a part of leading
community engagement efforts (survivors clubs)
Community
engagement logs
During intervention
Community health care
providers
CHEWs/HA’s who receive CLIP training • Pre- and post- tests
• Structured observations
• One on one interviews
Pre-intervention and during
intervention
Medical Officers Focus group discussions Pre-intervention
Medical professionals who participated in CPD
(Continuous Professional Development) events
CPD activities Log Pre-intervention, and during
intervention
Community members/
stakeholders
Community members who participated in
community engagements
Community engagement logs During intervention
State government officials Meeting reports/event reports Pre-intervention, during intervention
and during-intervention
Local Government officials • Interviews
• Meeting reports/event
reports
Pre-intervention, during intervention
and during-intervention
Grassroots leaders • Interviews
• Meeting reports/event
reports
Pre-intervention, during intervention
Transport unions Community engagement logs During intervention
Shopkeepers Community engagement logs During intervention
Research Staff Key informant interviews Pre and post- intervention
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complemented by efficacy studies using a RCT. The
methodology allows to examine the internal validity of the
efficacy of the intervention by assessing the implementation
(quantity and quality) of what is delivered. The face validity
and criterion validity of the methodology will be tested by
the degree of convergence or divergence of the constructs
to their hypothesised function in the CLIP Trial (Additional
file 2: Tables S1, Additional file 3: Table S2 and Additional
file 4: Table S3).
Furthermore, when planning evaluations, it is crucial to
distinguish between the intent to determine ‘effectiveness’
versus ‘efficacy’. This decision may be informed by the
context (open vs. closed) and the location of intervention
delivery [23, 26, 27]. RCTs are best suited to evaluations of
‘efficacy’ in a ‘closed’ system, whereby all other factors are
equal, differences in the delivery of the intervention to the
intervention arm allows for a valid assessment of the
hypothesised health outcome [23, 26]. On the contrary, in
an ‘open’ system, as was the case in this study, it is more
appropriate to measure the ‘effectiveness’ of the interven-
tion by examining factors related to implementation, and
the mechanisms by which organisational structures, be-
haviour, and cultural norms impact delivery and uptake of
the intervention. The ‘efficacy’ of the CLIP intervention
will be assessed from the results of three RCTs in India,
Pakistan and Mozambique [4]. Efficacy will be determined
based on the ability to demonstrate a reduction of mater-
nal and perinatal morbidity and mortality.
This evaluation design is strengthened by the use of
established social theories, allowing for comparisons be-
tween studies [6, 18, 19]. The use of mixed methods and
design allows for reciprocal interactions between context
and intervention [19].
Furthermore, integration of realist theory in analysis
will help identify the likelihood of outcomes related to
the context [6, 26, 28]. By placing mechanisms at their
core, realist evaluation theories can uncover which inter-
vention activities work, for whom and under what con-
text [9, 6].
The identification of core components of the interven-
tion can inform wider implementation. The design of this
evaluation is process- rather than package-oriented, and
considers the possible effects across all major sections of
the health system. The ecological nature of this evaluation
allows identification and generation of new mechanisms
of action. In the dynamic context of less-developed coun-
tries, where competing priorities from development part-
ners and parallel vertical programs can create unintended
outcomes, an evaluation of this nature can guide strategic
investments in health.
Conclusion
The methodology outlined here can be used to develop
similar process evaluations of complex health interventions
for community- based studies of maternal and perinatal
health. There are inherent limitations and strengths to this
methodology for evaluation of complex health care inter-
ventions. Although the extent to which effectiveness can be
determined with hard predictive probability may be cur-
tailed, this adapted methodology provides a step-wise
approach to develop plausible explanations for causal
mechanisms, and interaction of a complex intervention in
cluster randomized control trials.
Additional files
Additional file 1: Figure S1. Components of the CLIP intervention.
(PDF 67 kb)
Additional file 2: Table S1. Final plan to measure the construct of
implementation. (DOCX 17 kb)
Additional file 3: Table S2. Final plan to assess the mechanisms of
impact of CLIP intervention. (DOCX 15 kb)
Additional file 4: Table S3. Final plan to assess context of CLIP
intervention. (DOCX 16 kb)
Additional file 5: Figure S2. Information captured via the POM app in
Ogun, Nigeria. (PDF 30 kb)
Abbreviations
CE: Community engagement; cHCP: Community health care provider;
CHEW: Community health extension worker; CLIP: Community level
interventions for pre-eclampsia; CPD: Continuous professional development;
FGD: Focus group discussion; HA: Health assistant; IDI: In-Depth interview;
MDG: Millennium development goal; MMR: Maternal mortality ratio;
MRC: Medical research council; POM: PIERS on the move; RCT: Randomised
controlled trial; SDG: Sustainable development goal; SOGON: Society of
obstetricians and gynaecologists of Nigeria
Acknowledgements
We would like to acknowledge the CLIP Nigeria research team at the Centre for
Research in Reproductive Health, Olabisi Onabanjo University Teaching Hospital,
and Babcock University: Bola Ajiboye, Busola Ibiezugbe, Bisi Orenuga, Bimpe
Osiberu, Abiodun Owoseje, Kunle Adefabi and M. T. Solarin as well as the CLIP
Working Group at the University of British Columbia: Dustin Dunsmuir, Chirag
Kariya, Asif Raza Khowaja, Michelle La, Tang Lee, Mansun Lui, Larry Li, Domena Tu,
Ugochinyere Vivian Ukah. The PRE-eclampsia-Eclampsia Monitoring, Prevention
and Treatment (PRE-EMPT) is supported by St George’s, University of London, a
grantee of the Bill & Melinda Gates Foundation. Finally, we would like to thank the
women who participated in the study, and the communities, the health workers
and the government stakeholders in Ogun who have generously contributed
their time, and effort in the collection of the data.
Funding
The research is from the CLIP (Community Level Interventions for Pre-eclampsia)
study, part of the PRE-EMPT Project, which is funded by an award to the University
of British Columbia, Vancouver, Canada by the Bill & Melinda Gates Foundation,
Grant number: OPP1017337.
Availability of data and materials
The dataset(s) supporting the conclusions of this article is available in the
PRE-EMPT REDCap repository, and is available upon request. The dataset(s)
supporting the conclusions of this article is(are) included within the article
and its five additional files.
Authors’ contributions
SS and OA developed the initial methodology for process evaluation. AA, EJ,
DOA led the day-to-day data collection and analysis processes for process
evaluation in Nigeria. OA, OO, OD, JS, BAP, LAM, ZAB and PVD provided
oversight throughout trial inception, planning, implementation and analysis.
SS, OA, MV, SD, BAP, DOA, AA, EJ, JS, OD, ZAB, OO, LAM, PVD, contributed to
Sharma et al. BMC Health Services Research  (2017) 17:238 Page 9 of 10
the writing and review of the manuscript. All authors read and approved the
final manuscript.
Competing interests
We have read and understood BMC Health Services Research policy on
declaration of interests and declare that we have no competing interests.
Consent for publication
No individual data is published or collected for this article.
Ethics approval and consent to participate
The Research Ethics Board at the UBC Children's and Women's Health Centre of
British Columbia provided ethical approval for the CLIP (Community Level
Interventions for Pre-eclampsia) Cluster Randomized Controlled Trial (Number:
H12-03497). The Health Research Ethics Committee at the Olabisi Obabanjo
University Teaching Hospital, Sagamu, Nigeria provided the local ethical approval
for the study. All women enrolled in the trial provided written consent to partici-
pate, and if eligible, another written consent was provided in order to receive the
intervention.
Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Author details
1Department of Obstetrics and Gynaecology and Child & Family Research
Institute, University of British Columbia, Vancouver, Canada. 2Centre for
Research in Reproductive Health, Olabisi Onabanjo University Teaching
Hospital, Sagamu, Nigeria. 3University of Lagos, Lagos, Nigeria. 4Babcock
University, Sagamu, Nigeria. 5Centre for Global Child Health, The Hospital for
Sick Children, Toronto, Canada. 6Centre of Excellence in Women and Child
Health, Aga Khan University, Karachi, Pakistan. 7Institute of Cardiovascular and
Cell Sciences, St George’s, University of London, London, UK. 8Department of
Obstetrics and Gynaecology, St George’s University Hospitals NHS
Foundation Trust, London, UK.
Received: 22 July 2016 Accepted: 1 March 2017
References
1. WHO, UNICEF, UNFPA. The World Bank Group, United Nations Population
Division. Trends in maternal mortality: 1990 to 2015. Geneva: World Health
Organization; 2010.
2. National Population Commission (NPC) [Nigeria], ICF International. Nigeria
Demographic and Health Survey 2013. Abuja, Nigeria, and Rockville,
Maryland, USA: NPC and ICF International; 2014.
3. Thaddeus S, Maine D. Too far to walk: maternal mortality in context. Soc Sci
Med. 1994;38(8):1091–110.
4. Payne B, von Dadelszen P, Bhutta Z, Magee L, Adetoro O, Sotunsa J, et al.
Protocol 13PRT/9313: The Community Level Interventions for Pre-eclampsia
(CLIP) Trials: four prospective cluster randomised controlled trials comparing
a package of interventions directed towards improving maternal and
perinatal outcomes related to pre-eclampsia with current standards of care
(NCT01911494). Lancet. [cited 2016 Jan 18]. Available from: http://www.
thelancet.com/protocol-reviews/13PRT-9313.
5. Moore G, Audrey S, Barker M, Bond L, Bonell C, Hardeman W, et al. Process
evaluation of complex interventions. MRC Population Health Science
Research Network London 2014.
6. Bonell C, Oakley A, Hargreaves J, Strange V, Rees R. Research methodology:
Assessment of generalisability in trials of health interventions: suggested
framework and systematic review. Brit Med J. 2006;333(7563):346–9.
7. Glasgow RE, Klesges LM, Dzewaltowski DA, Estabrooks PA, Vogt TM.
Evaluating the impact of health promotion programs: using the RE-AIM
framework to form summary measures for decision making involving
complex issues. Health Educ Res. 2006;21(5):688–94.
8. Craig P, Dieppe P, Macintyre S, Michie S. Developing and evaluating
complex interventions: The new Medical Research Council guidance. Int J
Nurs Stud. 2013;50(5):587–92.
9. Pawson R, Tilley N. Realistic evaluation. Thousand Oaks, Calif, London: Sage; 1997.
10. Saunders RP, Evans MH, Joshi P. Developing a Process-Evaluation Plan for
Assessing Health Promotion Program Implementation: A How-To Guide.
Health Promot Pract. 2005;6(2):134–47.
11. Khowaja AR. [205-POS]: Methodology for assessing the feasibility of
community level interventions for pre-eclampsia in South Asian and African
contexts. Pregnancy Hypertens. 2015;5(1):103.
12. W.K. Kellogg Foundation. Using Logic Models to Bring Together Planning,
Evaluation, and Action: Logic Model Development Guide. 2004 [cited 2016
Jan 18]. Available from: https://www.wkkf.org/resource-directory/resource/
2006/02/wk-kellogg-foundation-logic-model-development-guide.
13. Craig P, Cooper C, Gunnell D, Haw S, Lawson K, Macintyre S, et al. Using
natural experiments to evaluate population health interventions: new
Medical Research Council guidance. J Epidemiol Community Health.
2012;66(12):1182–6.
14. Steckler AB, Linnan L. Process evaluation for public health interventions and
research. 1st ed. San Francisco, Calif: Jossey-Bass; 2002.
15. May C. Towards a general theory of implementation. Implement Sci. 2013;
8(1):18. doi:10.1186/1748-5908-8-18.
16. Lewin S, Glenton C, Oxman AD. Use of qualitative methods alongside
randomised controlled trials of complex healthcare interventions:
methodological study. Brit Med J. 2009;339:b3496. doi:10.1136/bmj.b3496.
17. Byng R, Norman I, Redfern S. Using Realistic Evaluation to Evaluate a
Practice-level Intervention to Improve Primary Healthcare for Patients with
Long-term Mental Illness. Evaluation. 2005;11(1):69–93.
18. Rogers EM. Diffusion of innovations. 4th ed. New York: Free Press; 1995.
19. Greenlagh T, Robert G, MacFarlene F, Bate P, Kyriakidou O. Diffusion of
Innovations in Service Organizations: Systematic Review and
Recommendations. Milbank Q. 2004;82(4):581–629.
20. Nathan HL, de Greeff A, Hezelgrave NL, Chappell LC, Shennan AH. An accurate
semiautomated oscillometric blood pressure device for use in pregnancy
(including pre-eclampsia) in a low-income and middle-income country
population: the Microlife 3AS1-2. Blood Press Monit. 2015;20(1):52–5.
21. Dunsmuir DT, Payne BA, Cloete G, Petersen CL, Gorges M, Lim J, et al.
Development of mHealth Applications for Pre-Eclampsia Triage. IEEE J
Biomed Health Inform. 2014;18(6):1857–64.
22. Payne BA, Hutcheon JA, Ansermino JM, Hall DR, Bhutta ZA, Bhutta SZ, et al.
A risk prediction model for the assessment and triage of women with
hypertensive disorders of pregnancy in low-resourced settings: the
miniPIERS (Pre-eclampsia Integrated Estimate of RiSk) multi-country
prospective cohort study. PLoS Med. 2014;11(1):e1001589.
23. Blackwood B, O'Halloran P, Porter S. On the problems of mixing RCTs with
qualitative research: the case of the MRC framework for the evaluation of
complex healthcare interventions. J Res Nurs. 2010;15(6):511–21.
24. Jansen YJFM, Foets MME, de Bont AA. The contribution of qualitative
research to the development of tailor-made community-based
interventions in primary care: a review. Eur J Public Health. 2010;20(2):220–6.
25. Bonell C, Fletcher A, Morton M, Lorenc T. Realist randomised controlled
trials: a new approach to evaluating complex public health interventions.
Soc Sci Med. 2012;75(12):2299.
26. Marchal B, Bruno M, Gill W, Geoff W, Sara Van B. Realist RCTs of complex
interventions - An oxymoron. Soc Sci Med. 2013;94:124.
27. Hawe P, Shiell A, Riley T. Complex interventions: how “out of control” can a
randomised controlled trial be? Brit Med J. 2004;328(7455):1561–3.
28. Bonell CP, Hargreaves J, Cousens S, Ross D, Hayes R, Petticrew M, et al.
Alternatives to randomisation in the evaluation of public health
interventions: design challenges and solutions. J Epidemiol Community
Health. 2011;65(7):582–7.
Sharma et al. BMC Health Services Research  (2017) 17:238 Page 10 of 10
